A 50-year-old man presented with a ruptured aneurysm of the anterior communicating artery (ACoA) complex anomaly with the neck of the aneurysm located in the upper ACoA. The right pterional approach was performed 2 days after admission. Retraction of the frontal lobe exposed the lower half of the ACoA complex consisting of the origins of the bilateral A 2 segments, and the apparent neck of the aneurysm was clipped. However, further exposure of the bilateral A 2 segments revealed double fenestration of the proximal A 2 segments, a subtype of duplication of the ACoA accompanied by a bridging artery between the upper and lower ACoA. The limited visualization of this ACoA complex anomaly with an aneurysm had led to the proximal origin of the bridging artery being mistaken for the neck of the aneurysm. Such double fenestration of the proximal A 2 segments is a microsurgically critical anomaly of the ACoA complex, because the bridging artery mimics the neck of an aneurysm when visualized by the pterional approach.
Introduction
Fenestration or duplication of the intracranial arteries associated with saccular aneurysms are not rare, and commonly affect the anterior communicating artery (ACoA). 7) Fenestration of the ACoA is usually described as duplication of the ACoA, because these malformations are sometimes difficult to differentiate. Double fenestration of the proximal A 2 segments is a subtype of duplication of the ACoA, and consists of duplication of the ACoA accompanied by a bridging artery between the upper and lower ACoA which creates double fenestration in the proximal A 2 segments (Fig. 1) . However, no special attention has been paid to this subtype of the ACoA complex anomaly, which may lead to confusion and misidentification of the aneurysm neck during microsurgery through the pterional approach. The pterional approach is commonly used to treat aneurysms of the anterior circulation in the basal cerebral arterial circle of Willis, except for ACoA aneurysms with necks over 2 cm above the anterior clinoid process. 8) We describe a case of ruptured aneurysm associated with this ACoA complex anomaly in which the neck of the aneurysm was located in the upper ACoA, and the proximal origin of the bridging artery was mistaken for the neck of the aneurysm during microsurgery through the pterional approach, because the lower half of the ACoA complex came into view first and mimicked the visualization of the five vessels composing the bilateral A 1 segments, the origins of the bilateral A 2 segments, and the ACoA, which must be identified before clipping ACoA aneurysms. Case Report
A 50-year-old man suddenly lost consciousness while watching television at home on October 9, 2000 and was brought to our hospital by ambulance.
He recovered consciousness about 10 minutes later, but complained of severe headache and mild weakness and numbness in his right lower extremity. Head computed tomography (CT) showed subarachnoid hemorrhage ( Fig. 2A) . Cerebral angiography revealed a saccular aneurysm arising from the junction between the bilateral A 2 segments and ACoA, with the neck 10 mm above the anterior clinoid process (Fig. 2B, C) . No malformation of the ACoA complex was found. The right pterional approach was performed on October 11, 2000. His neurological condition was World Federation of Neurological Surgeons grade II immediately before surgery. After reaching the ACoA complex under the operating microscope, temporary clips were applied to the left and right A 1 segments, and the origins of the bilateral A 2 segments and the apparent neck of the aneurysm between them were identified (Fig. 3A) . The first clipping was completed without further visualization requiring dissection in the vicinity of the aneurysm dome (Fig. 3B) . After distally exposing the bilateral A 2 segments from their origins by removing the hematoma in the interhemispheric fissure, another ACoA was discovered. The vessel clipped as the aneurysm neck arose from the lower ACoA and ended at the upper ACoA, forming double fenestration of the proximal A 2 segments (Fig. 3C ). This bridging artery between the lower and upper ACoA appeared to be the neck of an aneurysm when the lower half of the ACoA complex was viewed through the pterional approach. The true neck of the aneurysm was subsequently identified on the upper ACoA and clipped (Fig. 3D) . Although the patient suffered symptomatic vasospasm and disorientation for a few days after surgery, he was discharged from the hospital 4 weeks after admission without neurological deficits or signs of cerebral infarction on CT. Postoperative angiography confirmed the disappearance of the aneurysm but did not reveal the fenestration of the ACoA complex. Retrospective examination of the first cerebral angiography could not detect the vascular malformation.
Discussion
The pterional approach is widely used for microsurgery of aneurysms of the anterior circulation in the basal cerebral arterial circle of Willis and some aneurysms of the posterior circulation, including those located at the tip of the basilar artery. ACoA aneurysms are mainly treated by the pterional and the interhemispheric approaches. The interhemispheric approach is more appropriate for aneurysms with necks arising from the ACoA and more than 2 cm from the anterior clinoid process, 8) because visualization of the ACoA complex by the pterional approach in such cases generally requires extreme retraction of the frontal lobe or considerable resection of the gyrus rectus. Most other ACoA aneurysms can be treated by the pterional approach. Since only a limited number of aneurysm cases are referred to neurosurgeons in Japan, and there are no specialists who operate on large numbers of such cases, the pterional approach is important to master, because it is widely adaptable to most aneurysm cases.
Five vessels of the ACoA complex must be identified before dissection of the aneurysm neck: the bilateral A 1 and A 2 segments, and the ACoA. 8 2) ). In the pterional approach, the neck of an ACoA aneurysm projecting upward is seen between the origins of the bilateral A 2 segments from the ACoA, as in our patient, so an anomalous artery arising from the ACoA and passing between the bilateral A 2 segments can be mistaken for the aneurysm neck unless the aneurysm is fully exposed.
One of the most commonly encountered of such anomalous arteries is the median artery of the triplicate anterior cerebral artery (ACA), called the median artery of the corpus callosum (MACC) or the accessory ACA. 4) Double fenestration of the proximal A 2 segments is another such anomaly of the ACoA complex in which a vessel emerges from the junction between the ACoA and the bilateral A 2 segments, and is a subtype of duplication of the ACoA accompanied by a bridging artery. However, this microsurgically critical anomaly has never been described with special reference to clipping of a ruptured aneurysm on the ACoA.
The incidence of double fenestration of the proximal A 2 segments is unknown, whereas the incidence of duplication of the ACoA is as high as 5.7% to 11.1% in patients with an ACoA complex aneurysm. 1, 3, 5, 6) Some cases of aneurysm with double fenestration of the proximal A 2 segments were classified as duplication of the ACoA. 5,9) Therefore, we think that double fenestration of the proximal A 2 segments is not particularly infrequent.
The MACC or the accessory ACA can be detected preoperatively by careful angiographic evaluation, 5) whereas duplication of the ACoA is seldom identified preoperatively even by detailed angiography. 6) Therefore, we emphasize that duplication of the ACoA with a bridging artery, or double fenestration of the proximal A 2 segments, is usually occult on preoperative angiography, but is critical to consider in cases with an ACoA aneurysm projecting upward, because the bridging artery can be mistaken for the neck of an aneurysm if the ACoA aneurysm is treated by the pterional approach. After clipping the neck of an ACoA aneurysm projecting upward, complete exposure of the aneurysm is recommended to confirm the anatomical orientation and avoid misclipping of an anomalous vessel present in this type of ACoA complex anomaly.
The domes of ACoA aneurysms projecting upward are sometimes buried in the brain and are difficult to explore without extensive damage to the frontal cortex. Alternatively, the bilateral A 2 segments can be exposed distally from the junction with the ACoA, where the aneurysm neck is located, by removing the hematoma in the interhemispheric fissure after clipping the neck of the aneurysm. Exposure of the bilateral A 2 segments also helps to differentiate the neck of the ACoA aneurysm from any anomalous vessel that emerges from the junction between the ACoA and the bilateral A 2 segments, except the MACC and the accessory ACA, which can be detected by preoperative angiography.
